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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant (s) : ARUFUKU, et al . 
Filed: February 25, 2 0 02 

Serial No.: Not yet assigned 

For: ADHESIVE , METHOD OF CONNECTING WIRING TERMINALS 

AND WIRING STRUCTURE 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 

Washington, D.C. 20231 February 25, 2002 

Sir: 

Please amend the above- identified application, prior to 
examination thereof, as follows: 



IN THE SPECIFICATION 

Replace the paragraph beginning on page 9, line 23 with the 
following : 

Peroxydicarbonates preferable for the present invention 
may include di(n-propyl) peroxydicarbonate , di ( isopropyl ) 
peroxydicarbonate , bis ( 4 - t -butylcyclohexyl ) 
peroxydicarbonate, di (2-ethoxyethyl) peroxydicarbonate, 
di ( 2— ethylhexyl ) peroxydicarbonate , di (methoxybutyl ) 
peroxydicarbonate , di ( 3— methyl - 3 -methoxybutyl ) 
peroxydicarbonate and the like. 



Replace the paragraph beginning on page 13, line 13 with the 
following : 
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The radically polymerizable substance described above may 
also be used in combination with a radically polymerizable 
substance having a phosphoric ester structure represented by 
the following chemical formula (I) . This is preferable because 
the bond strength on the surface of inorganic matter such as 
metal is improved. 

/ HOA — P — HOCH 2 CH 2 OCOC=CH 2 

7 3-n L J n 

(i) 

wherein n is 1, 2 or 3. 

Replace the paragraph on page 24, line 17 with the following: 
As a silane coupling agent having an amino group, it may 
include, e.g., 

N-P" (aninoethyl) -y-aminopropyl trimethoxysilane , 
N-p— (aminoethyl) -y-aminopropylmethyldimethoxysilane , y- 
aminopropyltriethoxysilane , N-phenyl -y- 
aminopropyltrimethoxysilane and the like. 



Replace the paragraph beginning on page 29, line 18 with the 
following : 

The urethane acrylate A obtained in the step (1) , a 
phosphate type acrylate (available from Kyoeisha Chemical Co., 
Ltd.; tradename: P2M) , the silicone particles and t-hexyl 
peroxy-2-ethylhexanonate (a free radical generator) were so 
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mixed as to be in amounts of 99 g, 19/ 30 g and 5 g, 
respectively, in solid weight ratio, and 3% by volume of the 
conductive particles obtained in the step (3) were dispersed 
to obtain a liquid adhesive. 

Please replace the paragraph beginning on page 31, line 17 
with the following: 

First, on the surface of a glass substrate 11 of 1.1 mm 
thick, wirings 12 of indium— tin oxide (ITO) were formed by 
vacuum deposition to prepare an ITO substrate member (surface 
resistivity: <20 Q/square) 10 [Fig. 1 (a)] . On its side where 
the wiring 12 was formed, an adhesive layer 15 formed of an 
adhesive 13 containing conductive particles 14 (the one 
prepared in each Example and Comparative Example) was formed 
[Fig. 1 (b) ] . 

IN THE CLAIMS 

Please amend Claims 5, 7, 9, and 11 - 13 as follows: 

5. (amended) The wiring- terminal -connecting adhesive 

according to claim 3, wherein said silicone particles are 
contained in an amount of from 5 parts by weight to 200 parts 
by weight based on 100 parts by weight of the total of said 
radically polymerizable substance and said film- forming 
material . 
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7. (amended) The wiring- terminal -connecting adhesive 
according to claim 1, which further comprises conductive 
particles . 

9. (amended) A method of connecting wiring terminals, 
comprising interconnecting wiring terminals electrically with 
the wiring-terminal-connecting adhesive according to claim 1, 
wherein at least two wiring members have the connecting 
terminal individually . 

11 . (amended) The method of connecting wiring terminals 
according to claim 9, wherein at least one of said wiring 
members has 

a substrate comprising at least one of an insulating 
organic material and glass. 

12. (amended) The method of connecting wiring terminals 
according to claim 9, wherein at least one of said wiring 
members has 

at least one selected from silicon nitride, silicone 
resin and polyimide resin, at its surface. 

13 . (amended) A wiring structure comprising at least two 
wiring members which have a wiring terminal individually, 
wherein 

the wiring terminals of said wiring members are 



4 



A O O €v*J 3 - O S E3D2 

electrically interconnected with the wiring- terminal - 
connecting adhesive according to claim 1. 

Please add the following new claim to the application: 

--14. A method of connecting wiring terminals, comprising 

interconnecting wiring terminals electrically with the wiring- 
terminal -connecting adhesive according to claim 8, wherein at 
least two wiring members have the connecting terminal 
individually . 

15. The method of connecting wiring terminals according to 
claim 14, wherein at least one of said connecting terminals 
has a surface which is formed of at least one selected from 
gold, silver, tin, a platinum group metal and indium-tin 
oxide . 

16. The method of connecting wiring terminals according to 
claim 14, wherein at least one of said wiring members has 

a substrate comprising at least one of an insulating 
organic material and glass. 

17. The method of connecting wiring terminals according to 
claim 14, wherein at least one of said wiring members has 

at least one selected from silicon nitride, silicone 
resin and polyimide resin, at its surface. 
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18. The wiring-terminal-connecting adhesive according to 
claim 4, wherein said silicone particles are contained in an 
amount of from 5 parts by weight to 2 00 parts by weight based 
on 100 parts by weight of the total of said radically 
polymerizable substance and said film-forming material. 

19. The wiring- terminal -connecting adhesive according to 
claim 2, which further comprises conductive particles. 



20. The wiring- terminal-connecting adhesive according to 
claim 3, which further comprises conductive particles. 



21 . The wiring- terminal-connecting adhesive according to 
claim 4, which further comprises conductive particles. 



22 . A wiring structure comprising at least two wiring members 
which have a connecting terminal individually, wherein 

the connecting terminals of said wiring members are 
electrically interconnected with the wiring- terminal - 
connecting adhesive according to claim 2 . 



23 . A wiring structure comprising at least two wiring members 
which have a connecting terminal individually, wherein 

the connecting terminals of said wiring members are 
electrically interconnected with the wiring-terminal- 
connecting adhesive according to claim 3 . 
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24 . A wiring structure comprising at least two wiring members 
which have a connecting terminal individually, wherein 

the connecting terminals of said wiring members are 
electrically interconnected with the wiring- terminal - 
connecting adhesive according to claim 4.-- 
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REMARKS 



The present application is a National Phase filing of 
PCT/ JP00/05766 . The claims were previously amended on March 
26, 2001 and July 23, 2001 under PCT Article 34. Claims 5, 7, 
9, and 11 - 13 are further amended herein, and new Claims 14 - 
25 are added, in order to eliminate multiple dependent claims. 
Claims 9 and 13, and portions of the specification, are 
amended to correct minor errors. It is respectfully requested 
that these amendments be entered prior to calculating the 
filing fee in connection with the above- identified 
application . 

In view of all of the foregoing, entry of the present 
amendments, and examination of the above- identified 
application in due course, are respectfully requested. 

Kindly charge any additional fees due, or credit 
overpayment of fees, to Deposit Account No. 01-2135. (File No. 
566 .41244X00) . 



13 00 North Seventeenth Street 
Suite 1800 

Arlington, VA 222 09 
Tel . : 703-312-6600 
Fax. : 703-312-6666 

CIB/RTW: lcb 



Respectfully submitted, 



ANTONELLI, TERRY, STOUT & KRAUS , LLP 




Carl I . Brundidge 
Registration No. 29,621 
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Marked up copy to show changes made 
IN THE SPECIFICATION 

Replace the paragraph beginning on page 9, line 23 with the 
following : 

Peroxydicarbonates preferable for the present invention 
may include di(n-propyl) peroxydicarbonate , di ( isopropyl ) 
peroxydi carbonate , bis (4 - 1- butyl eye lohexyl ) 
peroxydicarbonate, di (2 -ethoxyethyl ) peroxydicarbonate, 
di (2— ethylhexyl) peroxydicarbonate, di (methoxybutyl ) 
peroxydicarbonate, di (3— methyl — 3 methoxybutyl ) di ( 3— methyl - 3 - 
methoxybutyl ) peroxydicarbonate and the like. 

Replace the paragraph beginning on page 13, line 13 with the 
following : 

The radically polymerizable substance described above may 
also be used in combination with a radically polymerizable 
substance having a phosphoric ester structure represented by 
the following chemical formula (I) . This is preferable because 
the bond strength on the surface of inorganic matter such as 
metal is improved. 




m- in 



wherein n is 1, 2 or 3. 
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Replace the paragraph on page 24, line 17 with the following: 
As a si lane coupling agent having an amino group, it may 
include, e.g., 

N-p- (aninoethyl ) y - aminopropy 1 1 rimethoxys i lane , N~P~ 
(aninoethyl) -y-aminopropyltrimethoxysilane , N— p— (aminos thy 1 ) y- 
aminopropylmethyldimethoxysilane , N— p~ ( aminoethyl ) -y- 
aminopropylmethyldimethoxysilane , y- 
ami nopr opy 1 1 r i e t hoxy s i 1 ane , N-phenyl-y- 
aminopropyltrimethoxysilane and the like. 

Replace the paragraph beginning on page 29, line 18 with the 
following : 

The urethane acrylate A obtained in the step (1) , a 
phosphate type acrylate (available from Ky o eishayushi 
Kabushiki Kaiya Kvoeisha Chemical Co., Ltd. ; tradename: P2M) , 
the silicone particles and t-hexyl peroxy-2 -ethylhexanonate (a 
free radical generator) were so mixed as to be in amounts of 
99 g, 1 g, 30 g and 5 g, respectively, in solid weight ratio, 
and 3% by volume of the conductive particles obtained in the 
step (3) were dispersed to obtain a liquid adhesive. 

Please replace the paragraph beginning on page 31, line 17 
with the following: 

First, on the surface of a glass substrate 11 of 1 . 1 mm 
thick, wirings 12 of indium— tin oxide (ITO) were formed by 
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vacuum deposition to prepare an ITO substrate member (surface 
resistivity: <20 Q/square) 10 [Fig. 1 (a)]. On its side where 
the wiring 12 was formed, an adhesive layer 15 formed of an 
adhesive 13 containing conductive particles 14 (the one 
prepared in each Example and Comparative Example) was formed 
[Fig. 1 (b) ] . 

IN THE CLAIMS 

5. (amended) The wiring-terminal-connecting adhesive 

according to claim 3 or 4 , wherein said silicone particles are 
contained in an amount of from 5 parts by weight to 200 parts 
by weight based on 100 parts by weight of the total of said 
radically polymerizable substance and said film- forming 
material . 

7. (amended) The wiring- terminal - connect ing adhesive 
according to any one of claims 1 to 5 claim 1 , which further 
comprises conductive particles. 

9. (amended) A method of connecting wiring terminals, 
comprising interconnecting connecting wiring terminals 
electrically with the wiring-terminal-connecting adhesive 
according to any o ne of claims 1 to 5, — 7 and 0 claim 1 , 
wherein at least two wiring members have the connecting 
terminal individually . 
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11. (amended) The method of connecting wiring terminals 
according to claim 9 or 10 , wherein at least one of said 
wiring members has 

a substrate comprising at least one of an insulating 
organic material and glass. 

12. (amended) The method of connecting wiring terminals 
according to any one of claims 9 to 11 claim 9 , wherein at 
least one of said wiring members has 

at least one selected from silicon nitride, silicone 
resin and polyimide resin, at its surface. 

13 . (amended) A wiring structure comprising at least two 
wiring members which have a connecting wirincr terminal 
individually, wherein 

the connecting wiring terminals of said wiring members 
are electrically interconnected with the wiring- terminal - 
connecting adhesive according to any one of claims 1 to 5 , — 7- 
and 8 claim 1 . 
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SPECIFICATION 



ADHESIVE, METHOD OF CONNECTING WIRING TERMINALS 

AND 

5 WIRING STRUCTURE 



TECHNICAL FIELD 
This invention relates to a wiring-connecting 
adhesive, and a wiring- terminal-connect ing method and 
10 a wiring structure which make use of such an adhesive. 

BACKGROUND ART 
In recent years, wiring density is being made higher 
in the field of precision electronic machinery, so that 
15 electrodes are formed in very small width and distance. 

Hence, there is a possibility that the wiring may fall 
off, come off or come to misregistration. To solve this 
problem, adhesive compositions for electric and 
electronic use which have a good low-temperature 
20 curability and having a pot life have been developed 
(e.g., Japanese Patent Application Laid-open No. 
11-97825) „ 

However, conventional wiring and connecting members 
have had a problem that they differ in bond strength 



1 



;! O O b q J y ,li .« O 13 O e2 

HC1576 

depending on the type of materials constituting the wiring 
to be connected . In particular, where the subs tr at e whi ch 
supports wiring terminals is made of an insulating organic 
material such as polyimide resin, or glass, or where 
5 silicon nitride, silicone resin or polyimide resin is 
coated or stays attached at the surface of a wiring member, 
there has been the problem of a very low bond strength, 

DISCLOSURE OF THE INVENTION 
10 An object of the present invention it to provide 

an adhesive which is suited for electric and electronic 
use and can achieve a high bond strength especially even 
when it bonds a wiring member in which the substrate 
which supports wiring terminals is made of an insulating 
15 organic matter or glass, or a wiring member having silicon 
nitride, silicone resin and/or polyimide resin at its 
surface at least in part, and provide a 

wiring-terminal- connecting method and a wiring structure 
which make use of such an adhesive. 
20 The present invention provides a 

wiring-terminal-connecting adhesive comprising (1) a 
curing agent capable of generating a free radical upon 
heating, (2) a radically polymeri zable substance and 
(3) silicone particles. The adhesive of the present 
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invention can be used to connect terminals electrically 
by interposing the adhesive between wiring substrates 
which are so disposed that wiring terminals provided 
on their surfaces face to one another, and heating these 
5 wiring substrates under application of a pressure. In 
the present invention, the terminals may also be 
electrodes . 

The adhesive of the present invention may further 
comprise (4) a f i 1m- f orming material. As the 
10 film-forming material, phenoxy resin is preferred. 

The adhesive of the present invention may still 
further comprise (5) conductive particles. The 
conductive particles may preferably be composed of at 
least one of gold, silver and a platinum group metal 
15 at least at their surfaces. 

The silicone particles in the adhesive of the present 
invention may preferably be contained in an amount of 
from 5 to 200 parts by weight based on 100 parts by weight 
of the radically po 1 yme r i zabl e substance (when the 
20 film-forming material is contained, based on 100 parts 
by weight of the total of the radically polymerizable 
substance and the film-forming material). 

The silicone particles used in the adhesive of the 
present invention may also preferably have a modulus 
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of elasticity of from 0.1 to 100 MPa at 25°C (room 
temperature ) . 

The present invention also provides a 
wiring-terminal-connecting adhesive film comprising a 
5 first layer formed of a composition containing (1) a 
curing agent capable of generating a free radical upon 
heating, (2) a radically polymer i zable substance and 
(3) silicone particles; and a second layer formed of 
a composition containing (5) conductive particles, (2) 
10 a radically polymer izable substance and (3) silicone 
particles, wherein the first and second layers are formed 
in layers* 

The present invention still also provides a method 
of connecting wiring terminals, comprising 

15 interconnecting connecting terminals electrically with 
the adhesive of the present invention, wherein at least 
two wiring members have the connecting terminal 
individually. 

The connecting method of the present invention is 

20 a method in which a first wiring member having a first 
connecting terminal and a second wiring member having 
a second connecting terminal which are so disposed that 
the terminals face to each other in the state the adhesive 
of the present invention is interposed between them are 
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heated under application of a pressure in the direction 
of bonding to connect the first connecting terminal and 
the second connecting terminal electrically. 

The connecting method of the present invention is 
5 especially suited when at least one of the connecting 
terminals has a surface which is formed of at least one 
of gold, silver, tin, a platinum group metal and/or 
indium-tin oxide (ITO). The connecting method of the 
present invention is also suited when at least one of 

10 the wiring member s has a substrate comprising an insulating 
organic material and/or glass. Moreover, the connecting 
method of the present invention can achieve a superior 
bond strength even when at least one of the wiring members 
has at least one of silicon nitride, silicone resin and 

15 polyimide resin at its surface. 

The present invention further provides a wiring 
structure comprising at least two wiring members which 
have a connecting terminal individually, wherein the 
connecting terminals of the wiring members are 

20 electrically interconnected with the adhesive of the 
present invention . 

The wiring structure of the present invention has 
a structure in which a first wiring member having a first 
connecting terminal and a second wiring member having 
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a second connecting terminal are so disposed that the 
first connecting terminal and the second connecting 
terminal face to each other in the state the adhesive 
of the present invention is interposed between them, 
and the first connecting terminal and the second connecting 
terminal are electrically connected. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1 and 2 are illustrations showing the steps 
of connecting wiring terminals. 

BEST MODES FOR PRACTICING THE INVENTION 
(1) Curing agent capable of generating a free radical 
upon heating: 

The curing agent capable of generating a free radical 
upon heating, contained in the adhesive of the present 
invention, is a substance which undergoes decomposition 
upon heating to generate a free radical, as exemplified 
by a peroxide or an azo compound. This curing agent may 
appropriately be selected taking account of the intended 
connecting temperature, connecting time, pot life and 
so forth. In view of the highness of reactivity and the 
length of pot life, the curing agent may preferably be 
an organic peroxide having a temperature of 40°C or above 
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for the 10-hour half-life and a temperature of 130°C or 
below for the 1-minute half-life, and more preferably 

an organic peroxide having a temperature of 60°C or above 
for the 10-hour half-life and a temperature of 170°C or 
5 below for the l-iuinute half-life. 

When connected in a tim.e of 10 seconds or less, the 
curing agent may preferably be mixed in an amount of 
from 0.1 to 30 parts by weight, and more preferably from 
1 to 20 parts by weight, based on 100 parts by weight 

10 of the radically po lyme r i z abl e substance (when the 

film-forming material is contained,, based on 100 parts 
by weight of the total of the radically polymer izabie 
substance and the f ilm- forming material) in order to 
achieve a sufficient rate of reaction. If the curing 

15 agent is mixed in an amount of less than 0.1 part by 
weight, any sufficient rate of reaction can not be achieved 
to tend to make it difficult to achieve a good bond strength 
and a low connection resistance, Tf it is mixed in an 
amount of more that 30 parts by weight, the adhesive 

2 0 may have a low flowability or a high connection resistance/ 
and the adhesive tends to have a short lifetime. 

Curing agents preferable for the present invention 
may include diacyl peroxides, peroxydicarbonates , peroxy 
esters, peroxy ketal s , dialkyl peroxides , hydroperoxides 
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and silyl peroxides. 

In order to keep the connecting terminals of the 
wiring member from corroding, any chloride ion or organic 
acid contained in the curing agent may preferably be 
not more than 5, 000 ppm. Those in which any organic acid 
generated after thermal decomposition can be in a small 
content are more preferred. Stated specifically, peroxy 
esters, dialkyl peroxides, hydroperoxides, silyl 
peroxides, and the like are preferred. In particular, 
it is preferable to select the curing agent from peroxy 
esters, which can achieve a high reactivity. Of these 
curing agents, any one compound may be used alone, or 
two or more compounds may be used in appropriate 
combination . 

Peroxy esters preferable for the present invention 
may include cumyl peroxyneodecanoate, 
1,1,3, 3-tetramethylbutyl peroxyneodecanoate , 
1-cyclohexyl- 1 -methyl ethyl peroxyneodecanoate, t-hexyl 
peroxyneodecanoate , t-butyl peroxypivarate, 
1,1,3, 3-tetramethylbutyl peroxy-2-ethylhexanonate , 
2, 5-dimethyl-2 , 5-di ( 2 -ethylhexanoy lperoxy ) hexane, 
1-cyclohexyl- 1-me thy 1 ethyl peroxy- 2-ethylhcxanonate, 
t-hexyl peroxy- 2- ethylhexanonate, t-butyl 
peroxy- 2 -ethyihex anon ate, t-butyl peroxyisobutyrate, 
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1 , 1-bis (t-butylperoxy) cyclohexane, t-hexyl 
peroxyisopropylmonocarbonate, t- butyl 
peroxy-3, 5, 5-t r imet hylhexanona te , t-butyl 
peroxylaurate, 
5 2,5-dimethyl-2,5-di (m-toluoylperoxy ) hexane, t-butyl 
peroxyi s opr opy lmono carbon at e , t-butyl 
peroxy-2-ethylhexyl mo no carbon ate, t-hexyl 
peroxybenzoate, t-butyl peroxyace tate and the like. 
Dialkyl peroxides preferable for the present 

10 invention may include 

a,a f -bis ( t-but y lperoxy ) diisopropylbenzene , dicumyl 
peroxide , 2 , 5 -dimethyl- 2 , 5-di ( t-but y lperoxy ) hexane, 
t-butyl cumyl peroxide and the like* 

Hydroperoxides preferable for the present invention 

15 may include diisopropylbenzene hydroperoxide, cumene 
hydroperoxide, and the like. 

Diacyl peroxides preferable for the present invention 
may include isobutyl peroxide, 2 , 4-di chloroben zoy 1 
peroxide, 3, 5, 5- tr ime thylhexanoyl peroxide, octanoyl 

20 peroxide, lauroyl peroxide, stearoyl peroxide, succinic 
peroxide, benzoyl peroxyt oluene , benzoyl peroxide and 
the like. 

Peroxydicarbonate s preferable for the present 
invention may include di(n-propyl) peroxydicarbonate, 
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di (isopropyl) peroxydicarbonate, 

bis ( 4- t-but ylcyclohexyl } peroxydicarbonat e , 

di (2-ethoxyethyl) peroxydicarbonate, di ( 2-e thylhexy I ) 

peroxydicarbonate , di ( me thoxybut yl ) peroxydicarbonate, 

di { 3-methyl- 3me thoxybut yl ) peroxydicarbonate and the 

like . 

Peroxy ketals may include 
1, 1-bis (t-hexylperoxy) -3, 3, 5- tr imethylcyclohexane , 
1, 1-bis (t-hexylperoxy) cyclohexane, 

1 , 1-bis (t-butylperoxy) - 3 , 3 , 5- tr imethylcyclohexane , 

1, 1-bis ( t-but ylperoxy) cyclododecane, 

2 , 2-bis ( t-butylperoxy ) decane and the like, 

Silyl peroxides may include t-butyltrimethylsilyl 
peroxide, bis (t-butyl )dimethylsilyl peroxide, 
t -but yl tr i vinyl si lyl peroxide, 
bis (t-butyl) divinylsilyl peroxide, 

tris ( t-butyl ) vinylsilyl peroxide, t-butyltrial lylsilyl 
peroxide, bis (t-butyl ) diallylsilyl peroxide, 
tris ( t-butyl) allylsilyl peroxide and the like, 

• Of these curing agents capable of generating free 
radicals upon heating, any one compound may be used alone, 
or two or more compounds may be used in combination. 
Also, any of these curing agents may be used in combination 
with a decomposition accelerator, an inhibitor and so 
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forth . 

These curing agents may be coated with a polyurethane 
type or polyester type polymeric compound so as to be 
made into microcapsules. Such curing agents are also 
preferable for the present invention because the pot 
life can be made longer. 

(2) Radically pol yrner i zable substance: 

The radically polymer i zable substance to be contained 
in the adhesive of the present invention is a substance 
having a functional group which can polymerize by the 
action of radicals. This radically polymerizable 
substance may include acrylateS/ methacry 1 a t e s , 
maleimide compounds and the like, which may be in the 
state of either of monomers and oligomers. A monomer 
and an oligomer may also be used in combination, 

As specific examples of acrylates and methacr yl at es 
preferable for the adhesive of the present invention, 
they may include methyl acrylate, ethyl acrylate, 
isopropyl acrylate, isobutyl acrylate, ethylene glycol 
diacrylate, diethylene glycol diacrylate, 
trimethylolpropane triacrylate, t etrame thy 1 o Ime thane 
tet raacryla t e , 2-hydroxy~l, 3-diacryloxypropane , 
2, 2-bis [4- ( acryloxymethoxy) phenyl ] propane , 
2, 2 -bis [4- (acryloxypolyethoxy) phenyl] propane/ 
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di eye lope ntenyl acrylate, tricyclodecanyl acrylate, 
trig ( acryloyloxye thyl ) isocyanurate, urethane acrylate, 
etc., and methacrylat es corresponding to these. 

Maleimide compounds preferable for the adhesive of 
the present invention are those having at least two 
maleimide groups in the molecule. Such maleimide 
compounds may include, e.g., 
l-methyl-2 , 4 -bi smaleimidobenz ene, 



N, 


N ' 


-m- 


ph en yleneb is maleimide , 


N, 


N ' 


-P- 


phenyl eneb is maleimide/ 


N, 


N ' 


-m- 


t olu yleneb is male imide , 


N, 


N ' 


-4, 


4 -bi phenyl en ebismale imide, 


N, 


N • 


-4, 


4- ( 3 , 3 ' -dimethyl -biphenyl ene ) bi smale imide , 


N, 


N 1 


-4, 


4- (3, 3 ' -dimethyldiphenylmethane ) bismaleimide, 


N, 


N ' 


-4, 


4- (3,3' -die thy ldipheny Ime thane ) bis male imide, 


N, 


N' 


-4, 


4-diphenylme than ebismale imide , 


N, 


N ' 


-4, 


4 -diphenylpr op an ebismale imide , 


N , 


N ' 


-3, 


3 ' -dipheny lsul f on ebi smale imide , 


N, 


N » 


-4, 


4-diphenyl ether bismaleimide, 


2, 


2- 


-bis { 4 - ( 4-maleimidophenoxy) phenyl } propane , 



2, 2-bis{3-s-butyl-4, 8- ( 4-maleimidophenoxy) phenyl } prop 

ane , l,l-bis{4- (4-maleimidophenoxy) phenyl } decane , 

4/ 4 1 -cyclohexylidene-bi s { 1- (4-maleimidophenoxy) phenyl 

}-2-cyclohexylbenzene, 
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2,2-bis{4- (4-maleimidophenoxy) phenyl } hex a f luor opr op an 
e and the like 

Of these radically polymer! zable substances, 
compounds having at least one of a dicyclopent eny 1 group, 
a tr icyclodecany 1 group and a triazine ring are preferred 
because adhesive cured products can be improved in heat 
resistance - 

Of these radically polymerizable substances, any 
one may be used alone or two or more may be used in 
combination. If necessary, a polymerization inhibitor 
such as hydroquinones or methyl ether hydro quinone s may 
appropriately be used. 

The radically polymerizable substance described 
above may also be used in combination with a radically 
polymerizable substance having a phosphoric ester 
structure represented by the following chemical formula 
(I) . This is preferable because the bond strength on 
the surface of inorganic matter such as metal is improved. 



(hoV — p — 

3-n 



O 
II 

P- 



CH 3 

• OCH 2 CH 2 OCOC= CH 2 



J n 



(1) 



wherein n is 1, 2 or 3. 
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Such a radically polymerizable substance having a 
phosphoric ester structure can be obtained by allowing 
phosphoric anhydride to react with 2 -hydroxye thyl 
acrylate or methacr ylat e , It may specifically include 
5 mono ( 2-me thacryloyloxyethyl ) acid phosphate, 

di { 2-methacryloyloxyethyl ) acid phosphate and the like. 

Of these, any one compound may be used alone, or two 
or more may be used in combination. 

The radically polymerizable substance having a 
10 phosphoric ester structure may preferably be mixed in 
an amount of from 0.01 to 50 parts by weight, and more 
preferably from 0.5 to 5 parts by weight, based on 100 
parts by weight of the total weight of the radically 
polymerizable substance (s) (when the film-forming 
15 material is contained, based on 100 parts by weight of 
the total of the radically polymerizable substance (s) 
and the film-forming material) . If it is less than 0.01 
part by weight, the bond strength to the surface of 
inorganic matter such as metal may be improved with 
20 difficulty. If it is more than 50 parts by weight, the 
expected curing performance may not be achieved. 
(3) Silicone particles: 

The silicone particles may be obtained by a method 
in which, e.g*, a silane compound (such as a 
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methyltrialkoxysilane or a partial 

hydrolysis-condensation product thereof) is added to 
an aqueous alcohol solution the pH of which has been 
adjusted with sodium hydroxide or ammonia to more than 
9 and the mixture formed is hydrolyzed to effect 
polycondensation, or may be obtained by, e.g., 
ccpolymerization of an organosiloxane * 

In the adhesive of the present invention, silicone 
particles having a functional group such as a hydroxyl 
group, an epoxy group, a ketimine, a carboxyl group or 
a mercapto group at the molecular terminal or on the 
side chain in the molecule are preferred because the 
dispersibility in the film- forming material and radically 
polyrnerizable substance (s) can be improved. 

In the present invention, the incorporation of the 
silicone particles in the adhesive enables achievement 
of a very high bond strength even on the wiring member 
in which the substrate which supports connect in g terminal s 
is made of an insulating organic matter or glass, or 
on the wiring member having silicon nitride, silicone 
compound or polyimide resin at its surface. Also, in 
the case when the adhesive is made into a film by the 
use of the film-forming material, the film is improved 
in its releasability from a base material, and hence 
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is improved in transfer performance on electronic 
materials which are to be bonded with such a film adhesive. 

In the present invention, spherical or amorphous 
fine particles may be used as the silicone particles, 
5 and fine particles with an average particle diameter 
of from 0.1 p to 20 p.m may preferably be used. Also 
preferred are silicone particles in which particles not 
larger than the average particle diameter hold 80% by 
weight or more of the particle size distribution of the 

10 fine particles. Silicone particles the particle surfaces 
of which have been treated with a silane coupling agent 
are particularly preferred because the disper sibili ty 
in the resin is improved* 

The silicone particles used in the adhesive of the 

15 present invention may preferably have a modulus of 

elasticity of from 0,1 to 100 MPa at room temperature 
(25°C), and more preferably from 1 to 30 MPa in order 
to improve the di sper sibi 1 i ty of the particles or to 
lessen the interfacial stress acting at the time of 

20 connection. Incidentally, the modulus of elasticity as 
defined herein is the modulus of elasticity of silicone 
rubber obtained by polymerizing the silane compound (such 
as an alkoxysilane or a partial hydrolysis-condensation 
product thereof) which is a material for the silicone 
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particles, and is measured by dynamic extended 
vis co el as tome try - 

The silicone particles may directly be mixed in the 
radically polymerizable substance, the curing agent 
5 capable of generating a free radical upon heating or 
the film-forming material. Since, however, the former 
is readily dispersible in the film-forming material or 
radically polymerizable substance, the former may 
preferably be mixed with the latter after the former 

10 has been dispersed in an organic solvent. 

The silicone particles may be mixed in an amount 
of from 5 to 200 parts by weight, and more preferably 
from 10 to 50 parts by weight, based on 100 parts by 
weight of the total weight of the radically polymerizable 

1 5 substance ( s ) (when the film- forming material is contained, 
based on 100 parts by weight of the total of the radically 
polymerizable substance (s) and the film-forming 
material) . If the silicone particles are less than 5 
parts by weight, the good bond strength to the substrate 

20 which supports connecting terminals and to the wiring 
member surface and the releas ability from the base material 
may be less achievable. If on the other hand the silicone 
particles are more than 200 parts by weight, the adhesive 
may have a low cohesive force and hence there Is a 
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possibility that any good adhesive can not be obtained. 
(4) Film*- forming material: 

Film-forming materials preferable for the present 
invention may include polyvinyl formal resin, polystyrene 
5 resin, polyvinyl butyral resin, polyester resin, 
polyamide resin, xylene resin, phenoxy resin and 
polyurethane resin. 

The film-forming material refers to a material which 
can make the adhesive be handled as a film in a usual 

10 condition when a liquid composition is solidified into 
a film, i-e., a material which imparts good mechanical 
properties as film (the properties that the film formed 
can be handled with ease and the film does not split, 
break or become tacky) to the film to be formed. In view 

15 of the readiness to handle as a film, a material capable 
of forming a self-supporting film is preferred. 

Among compounds which can impart such properties, 
it is preferable to use phenoxy resin, as having superior 
adhesion, compatibility, heat resistance and mechanical 

20 strength. The phenoxy resin is obtained by allowing a 
bifunctional phenol to react with an epihalohydr in to 
a product with a high molecular weight, or, by subjecting 
a bifunctional epoxy resin and a bifunctional phenol 
to polyaddition . 
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Stated specifically, it can be obtained by, e.g., 
allowing 1 mol of a bifunctional phenol to react with 
0.985 to 1.015 mol of an epihalohydr in in the presence 
of an alkali metal hydroxide in an inactive solvent at 

5 40 to 120°C. 

From the viewpoint of the mechanical properties and 
thermal properties of the resin, particularly preferred 
is a product obtained by subjecting to polyaddition 
.reaction a bifunctional epoxy resin and a bifunctional 

10 phenol in a mixing equivalent ratio of epoxy group/phenol 
hydroxyl group = 1/0,9 to 1/1.1, in the presence of a 
catalyst such as an alkali metal compound, an organic 
phosphorus compound or a cyclic amine compound, in an 
organic solvent of an amide type, an ether type, a ketone 

15 type, a lactone type or an alcohol type, having a boiling 
point of 120°C or above, in a reaction solid content of 
50 parts by weight or less, and with heating at 50 to 
200°C . 

The bifunctional epoxy resin may include bisphenol 
20 A epoxy resin, bisphenol F epoxy resin, bisphenol AD 
epoxy resin and bi s phenol S epoxy resin. The bifunctional 
phenol is a compound having two phenolic hydroxyl groups, 
and may include, e , g . , hydro qui none s and bisphenol s such 
as bisphenol A, bisphenol F, bisphenol AD and bisphenol 
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S. The phenoxy resin may be modified with a radically 
polymer izabls functional group. 
(5) Conductive particles: 

The adhesive of the present invention need not 
5 particularly contain conductive particles because the 
electrical conduction is attained by direct contact of 
the wiring terminals to be connected. The conductive 
particles may preferably be contained because more stable 
connection can be attained* 

10 Conductive particles preferable for the present 

invention may include particles of metals such as Au, 
Ag, Ni, Cu and solder, and carbon particles* In order 
to achieve a sufficient pot life, it is preferable that 
■ not a transition metal such as Ni or Cu but a noble metal 

15 such as Au, Ag or a platinum group metal forms their 
surface layers. It is particularly preferable that the 
surface is formed of Au. Particles comprised of a 
transition metal such as Ni the particle surfaces of 
which have been coated with a noble metal such as Au 

20 are also preferable for the present invention. 

Composite particles comprised of non-conductive 
glass, ceramic or plastic particles on the surfaces of 
which conductive layers formed of the above metal have 
been formed to provide outermost layers formed of a noble 
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metal, and heat-fusible metal particles are also suited 
for the present invention because they are deformable 
upon application of heat and pressure and hence the area 
of their contact with electrodes increases at the time 
5 of connection to bring about an improvement in reliability. 
In the case when the composite particles having coat 
layers of a noble metal at the surfaces are used, the 
coat layers may preferably be provided in a thickness 
of 1 00 angstroms or more in order to attain a good resistance . 

10 Especially when the layers of a noble metal are provided 
on the transition metal such as Ni, the coat layers formed 
of a noble metal may preferably be provided in a thickness 
of 300 angstroms or more in order to prevent free radicals 
from being generated by the redox reaction caused by 

15 any defects of the noble metal layers which defects may 
occur when the conductive particles are mixed and dispersed, 
to cause a lowering of storage stability. If, however, 
the coat layers are provided in a thickness larger than 

1 Jim, the effect is no longer improved in proportion 
20 to the thickness . Hence, in usual cases , it is preferable 

for the coat layers to be in a thickness of 1 jam or less, 
to which, however, the present invention is by no means 
1 imited ♦ 

The conductive particles may properly be used 
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according to purpose, in the range of from 0.1 to 30 
parts by volume based on 100 parts by volume of the resin 
component of the adhesive. In order to prevent adjoining 
wirings from being short-circuited by any excess 
5 conductive particles, the conductive particles may more 
preferably be used in an amount of from 0.1 to 10 parts 
by volume . 

Structure in which the conductive particles are not 
in contact with the curing agent enables more improvement 

10 of pot life. More specifically, an adhesive film having 
a double or more multi-layer structure in which at least 
a first layer formed of the adhesive of the present 
invention and a second layer formed of an adhesive mixed 
with the conductive particles in place of the curing 

15 agent are formed in layers is preferred because a much 
longer pot life can be achieved. 
(6) Other additives: 

In the adhesive of the present invention, allyl 
acrylate and/or allyl me thacrylat e may optionally be 
20 mixed in order to improve bond strength. It or they may 
be mixed in an amount of from 0.1 to 10 parts by weight, 
and more preferably from 0,5 to 5 parts by weight, based 
on 100 parts by weight of the total weight of the radically 
polymerizable substance (s) {when the film-forming 
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material is contained/ based on 100 parts by weight of 
the total of the radically polymeri zable substance (s) 
and the film-forming material) . If it is less than 0.1 
part by weight, the effect of improving bond strength 
may not sufficiently be achieved. If it is more than 
10 parts by weight, the radical polymerization reaction 
may be so low as to cause insufficient reaction to make 
it difficult to achieve good bond strength. 

In the adhesive of the present invention, a polymer 
or copolymer having as a monomer component at least one 
of acrylic acid, an acrylate, a methacr yl ate and 
acrylonitrile may also be mixed. In particular, a 
copolymer acrylic rubber containing glycidyl acrylate 
and/or glycidyl methacrylate monomer (s) having a glycidyl 
ether group promises superior stress relaxation, and 
may preferably be contained. Such an acrylic rubber may 
preferably have a weight-average molecular weight of 
200,000 or more in order to make the adhesive have a 
higher cohesive force. 

In the adhesive of the present invention, a filler/ 
a softening agent, an accelerator, an anti-aging agents, 
a colorant, a flame retardant, a thixotropic agent, a 
coupling agent, a resin (e.g., phenolic resin or me 1 amine 
resin) and an isocyanate may further be mixed. 
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The mixing of the filler is preferable because the 
connection reliability and so forth are improved. In 
the case when the filler is used, the maximum diameter 
of its particles should be smaller than the particle 
5 diameter of the conductive particles. Also, it may be 
mixed in an amount of from 5 to 60 parts by volume based 
on 100 parts by volume of the resin component in the 
adhesive. If it is more than 60 parts by volume, the 
effect of improving reliability may be saturated. If 
10 it is less than 5 parts by volume, its addition is less 
ef f ect i ve • 

As the coupling agent, any of ketimine-, vinyl-group-, 
acrylic-group-, amino-group-/ epoxy-group- and 
isocyanate-group-containing agents are preferable .for 
15 the present invention in view of an improvement in 
adhesion . 

As a silane coupling agent having an amino group, 
it may include, e.g., 

N-p- (ami no ethyl ) y-aminopropyltrimethoxysilane, 
20 N-p- (aminoethyl) y-aminopropylmethyldimethoxysilane, 
y-aminopropyl triethoxysi lane , 

N-phenyl-y^aminopropyl tr imethoxysilane and the like . 

As a silane coupling agent having a ketimine, it 
may include those obtained by allowing the above silane 
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coupling agent having an amino group, to react with a 
ketone compound such as acetone, methyl ethyl ketone 
or methyl isobutyl ketone. 
(7) Uses: 

The adhesive of the present invention may also be 
used as an adhesive film used to bond IC (integrated 
circuit ) chips to chip -mount substrates or to bond electric 
wirings to one another. More specifically, the adhesive 
of the present invention which has been shaped into a 
film (the adhesive film) may be interposed between a 
first wiring member having a first connecting terminal 
and a second wiring member having a second connecting 
terminal, and these may be heated and pressed to connect 
the first connecting terminal and the second connecting 
terminal electrically. 

Wiring members preferable as members to be connected 
according to the present invention may include chip 
component parts such as semiconductor chips, resistor 
chips and capacitor chips, and substrate members such 
as printed-wiring substrates. These wiring members are 
provided with connecting terminals usually in a large 
number (may be provided with one terminal in some cases) . 
At least one set of such wiring members is so disposed 
that at least part of wiring terminals provided thereon 
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face to one another, interposing the adhesive of the 
present invention between these, which are then heated 
under application of a pressure to electrically 
interconnect the connecting terminals facing to one 
5 another. Thus, a wi r ing s t rue tur e ( such as a wiring board ) 
having two or more wiring members can be manufactured. 

Here, the electrical conduction between wiring terminals 
thus formed may be set up by direct contact between the 
wiring terminals or may be set up via the conductive 
10 particles contained in the adhesive. 

The connection of wiring terminals according to the 
present invention may be performed by, e.g., forming 
an adhesive layer on the surface of the first connecting 
• terminal (circuit electrode) , and disposing on the surface 
15 of this adhesive layer the second connecting terminal 
(circuit electrode) under registration in such a way 
that the connecting terminals face to each other, followed 
by heating and pressing. The adhesive layer may be formed 
by, e.g., coating a liquid adhesive, or may be formed 
20 by placing the adhesive film. 

(8) Physical properties of adhesive: 
The adhesive of the present invention melts and flows 
at the time of connection to connect wiring terminals 
facing to one another, and thereafter it is cured to 
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keep the connection. Hence, the flowability of the 
adhesive is an important factor. The adhesive of the 
present invention may preferably have a flowability of 
from 1*3 to 3.0, and more preferably from 1.5 to 2.5, 
5 as the value of flowability (B) / (A) represented by the 
initial area (A) and the area (B) after heating and press ing 
when the adhesive of the present invention which is of 
3 5 |im in thickness and 5 mm x 5 mm in size is interposed 
between two sheets of glass of 0.7 mm in thickness and 
10 15 mm x 15 mm in size and these are heated and pressed 

at 15 0°C and 2 MPa for 10 seconds . If the value is smaller 
than 1.3, the adhesive may have so poor a flowability 
as not to achieve any good connection. If it is greater 
than 3,0, air bubbles may occur to result in a poor 
15 reliability. 

The adhesive of the present invention may also 
preferably have a modulus of elasticity of from 100 to 

3, 000 MPa at 25°C after curing, and more preferably from 
300 to 2/ 000 MPa. When it has the modulus of elasticity 
20 in this range, the resin can have a low internal stress 
after connection. Hence, this is advantageous for the 
improvement of adhesive force, and also can ensure good 
conduction performance . 

The adhesive of the present invention may preferably 
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have, in measurement with a differential scanning 
calorimeter (DSC) at a heating rate of 1 O^C/minu te , an 
exotherm rise temperature (Ta) of from 70°C to 110°c, 
a peak temperature (Tp) of Ta + 5 to 30°C and an end 
5 temperature (Te) of 160°C or below. 

EXAMPLES 
A. Preparation of adhesive: 
Example 1 

10 (1) Synthesis of urethane acrylate: 

400 parts by weight of polycaprol actone diol with 
an average molecular weight of 800, 131 parts by weight 
of 2-hydroxypropyl acrylate, 0.5 part by weight of 
dibutyltin dilaurate as a catalyst and 1 . 0 part by weight 
15 of hydroquinone monomethyl ether as a polymerization 
inhibitor were heated to 50°C with stirring to mix them. 

Next, 222 parts by weight of isophorone diisocyanate 
was dropwise added thereto, and the mixture formed was 
further heated to 80°C with stirring to effect ure than at ion 
20 reaction* Having made sure that the conversion of 
isocyanate groups reached 99% or more, the reaction 
temperature was dropped to obtain urethane acrylate A, 
(2) Synthesis of silicone particles: 
Silicone particles were obtained by adding 
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methy ltrimethoxysilane to an aqueous alcohol solution 

of pH 12 and kept at 20°C, with stirring at 300 rpm to 
effect hydrolysis and condensation. The silicone 
particles thus obtained had a modulus of elasticity of 
5 8 MPa at 25°C and an average particle diameter of 2 \im. 

(3) Preparation of conductive particles: 
Conductive particles were prepared by providing 

nickel layers of 0.2 |im thick on the surfaces of particles 
composed of polystyrene as nuclei, and providing gold 
10 layers of 0.04 \im thick on the outsides of the nickel 
layers. The conductive particles thus obtained had an 

average particle diameter of 10 jim . 

(4) Preparation of adhesive: 

100 parts by weight of the silicone particles obtained 
15 in the step (2) were dispersed in 100 parts by weight 
of a mixed solvent of toluene/ ethyl acetate of 50/50 
in weight ratio. 

The urethane acrylate A obtained in the step (1), 
a phosphate type acrylate (available from Kyoeishayushi 
20 Kabushiki Kaisya; tradename; P2M) , the s il icone par t icl es 
and t-hexyl peroxy-2- ethylhexanonat e (a free radical 
generator) were so mixed as to be in amounts of 99 g, 
1 g, 30 g and 5 g, respectively, in solid weight ratio, 
and 3% by volume of the conductive particles obtained 
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in the step (3) were dispersed to obtain a liquid adhesive. 
Example 2 

50 g of phenoxy resin (available from Union Carbide 
Corporation; tradename: PKHC; average molecular weight : 
5 45,000) was dissolved in a mixed solvent of toluene 

(boiling point; 110. 6°C; SP value: 8.90)/ethyl acetate 
(boilingpoint: 77 . 1°C; SP value: 9.10) of 50/50 in weight 
ratio to form a solution with a solid content of 40% 
by weight. 

10 The phenoxy resin, the urethane acrylate A, the 

phosphate type acrylate, the t-hexyl 

peroxy-2-ethylhexanonate and the silicone particles were 
so mixed as to be in amounts of 50 g, 49 g, 1 g, 5 g 
and 5 g, respectively, in solid weight ratio, and 3% 

15 by volume of the conductive particles were dispersed. 

The dispersion thus obtained was coated on a one-side 
surface-treated PET (polyethylene t er ephthala t e ) film 
of 80 jam thick by means of a coater, followed by drying 
with 70°C hot air for 10 minutes to obtain an adhesive 

20 film of 20 fim thick* 
Examples 3 to 5 

Adhesive films were obtained in the same manner as 
in Example 2 except that the solid weight ratio of phenoxy 
resin/urethane acrylate A/phosphate type 
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acryl ate / silicone par tides /t-hexyl 

peroxy-2-ethylhexanonate was changed to 50 g/49 g/1 g/20 
g/5 g (Example 3), 30 g/69 g/1 g/10 g/5 g (Example 4) 
and 30 g/40 g/30 g/10 g/5 g (Example 5) . 
5 Comparative Example 1 

An adhesive film was obtained in the same manner 
as in the step (4) of Example 1 except that the solid 
weight ratio of urethane acrylate A/phosphate type 
acrylate/t-hexyl peroxy-2 -ethylhexanonate was changed 
10 to 99 g/1 g/5 g and the silicone particles were not mixed. 

Comparative Example 2 

An adhesive film was obtained in the same manner 
as in Example 2 except that the silicone particles were 
not used. 
15 B. Evaluation of adhesive: 

(1) Production of wiring structure: 

First, on the surface of a glass substrate 11 of 
1.1 mm thick, wirings 12 of indium-tin oxide (ITO) were 
formed by vacuum deposition to prepare an ITO substrate 
20 member (surface resistivity: <20 Q/square) 10 [Fig. 1 
(a) ] . On its side where the wiring 12 was formed, an 
adhesive layer 15 formed of an adhesive containing 
conductive particles 14 (the one prepared in each Example 
and Comparative Example) was formed [Fig. 1 (b) ] - 
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In Example 1 and Comparative Example 1, in which 
the adhesive was liquid, the adhesive layer 15 was formed 
by coating the adhesive . In Examples 2 to 5 and Comparative 
Example 2, in which the adhesive was filmy, it was formed 
by fastening the adhesive to the wiring member, heating 
and pressing them at 70°C and 0.5 MPa for 5 seconds to 
effect provisional connection, and thereafter peeling 
the PET film off. 

On the surface of this adhesive layer 15, a flexible 
wiring board (a triple-layer FPC) was placed which was 
prepared by bonding a polyimide layer 18 and copper foil 
(thickness* 18 Jim) with an adhesive 17 and subjecting 
the copper foil to patterning to form wirings 16 of 50 
jim in line width and 100 (am in pitch, and these were 
heated and pressed at 160°C and 3 MPa for 10 seconds to 
make connection over a width of 2 mm. Thus, a wiring 
structure 21 shown in Fig, 1 (d) was obtained. 

A wiring structure 25 was also obtained [Fig. 2 (b> ] 
by making connection to the ITO substrate member in the 
same way but using, in place of the triple-layer FPC , 
a flexible wiring board (a double-layer FPC) 24 prepared 
by forming on the surface of a polyimide film (thickness: 
100 \xm) 22 a copper circuit 23 with 500 wirings of 50 
\xm in line width, 100 |Lim in pitch and 18 (im in thickness [Fig. 
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2 (a) ] . 

(2) Measurement of connection resistance: 
After the wiring structures were produced in the 

manner as described above, their resistance value between 
adjoining circuits of the FPCs including wiring- connect ed 
portions was measured with a multi-meter immediately 
after the production. These were further kept in a 
high- temper ature high-humidity chamber of 35°C and 85%RH 
for 500 hours, and thereafter the resistance value was 
measured in the same way. Here, the resistance value 
was shown as the average of 150 points of resistance 
between adjoining circuits, 

(3) Measurement of bond strength: 

The wiring structures produced in the manner as 
described above were put to a peel test of peeling at 
90 degrees at a peel rate of 50 mm/minute, to measure 
their bond strength. 

(4) Evaluation of insulation properties: 
First, a pr inted-wir ing substrate having a 

comb-shaped circuit in which a copper circuit with 250 
wirings provided alternately in a line width of 50 \im, 
a pitch of 100 |Lim and a thickness of 18 jam was prepared. 

On its side where the circuit was formed, an adhesive 
layer was formed in the same manner as the above (1). 
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Next, on the surface of this adhesive layer, a flexible 
wiringboard (FPC) having a copper circuit with 500 wirings 

of 50 |i.m in line width, 100 [im in pitch and 13 [xm in 
thickness was placed, and these were heated and pressed 

at 160°C and 3 MPa for 10 seconds to make connection over 
a width of 2 mm. Thus, a wiring structure was obtained. 

To the comb-shaped circuit of this wiring structure, 
a voltage of 100 V was applied to measure insulation 
resistance value. The wiring structure was further put 
to a high- temperature high-humidity test of 85°C and 85%RH 
for 500 hours, and thereafter the insulation resistance 
value was measured. 

(5) Evaluation of flowability: 

An evaluation-purpose adhesive of 5 mm x 5 mm in 
size and 35 jam in thickness was sandwiched between two 
sheets of glass of 15 mm x 15 mm in size and 0.7 mm in 

thickness, and these were heated and pressed at 150°C 
and 2 MPa for 10 seconds, where the value of flowability 
(B) / (A) was determined on the basis of the initial area 
(A) and the area (B) after heating and pressing, 

(6) Modulus of elasticity after curing: 

The liquid adhesives (Example 1 and Comparative 
Example 1) were each casted into a mold, and then heated 
at 160°C for 1 minute to effect curing to obtain a rod-like 
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cured product. The filmy adhesives (Examples 2 to 5. and 
Comparative Example 2) were each immersed in I60°c oil 
for 1 minute to effect curing to obtain a film-like cured 
product. The storage elastic modulus of each of these 
cured products was measured with a dynamic 
viscoelas tome ter (heating rate: 5°C/minute; 10 Hz) to 
determine the modulus of Elasticity at 25°C. 
(7) Measurement by DSC: 

Using the adhesives obtained in the respective 
Examples and Comparative Examples, the rise temperature 
(Ta) , peak temperature (Tp) and end temperature (Te) 
of exothermic reaction were determined by means of a 
differential scanning calorimeter (DSC, manufactured 
by TA Instruments Co.; trade name: Model 910). In the 

measurement, the heating rate was set at 10°C/minute. 
C. Results: 

The results obtained by the above evaluation methods 
are shown in Table 1. 
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Table 1 / 



Adhensive composition 


Example 


Comparative 
Example 


1 2 3 4 5 


1 2 


Adhesive 
Force 
(N/m) 


Double-layer 
FPC 


Initial stage 

After 

moisture 

absorption 


400 700 750 650 680 
200 400 550 450 400 


50 100 
10 20 


Triple-layer 
FPC 


Initial stage 

After 

moisture 

absorption 


900 1200 1300 1100 1250 
600 900 1000 1000 950 


600 700 
300 500 


Connection resistance 
(G) 


Initial stage 

After 

moisture 

absorption 


0.9 1.2 1.7 1.1 1.2 
1.3 1.4 1.8 1.3 1.3 


0.9 1.2 
1.3 1.4 


Insulation resistance ( Q ) 


>10 9 >10 9 >10 9 >10 9 >10 s 


>10 s >10 9 


Flowability(%) 


2.5 1.9 1.7 1.8 1.9 


2.6 1.8 


Modulus of elasticity (MPa) 


500 800 700 800 800 


600 700 


DSC(°C) 


Ta 
Tp 
Te 


88 87 90 89 89 
105 108 107 109 108 
140 148 147 147 148 


87 88 
104 107 
143 148 



The silicone particles are not contained in the 
adhesives of Comparative Examples 1 and 2. In contrast 
thereto,, in Examples 1 to 5, in which the silicone particles 
are mixed/ the adhesive force is greatly improved compared 
with that in Comparative Examples, even in the case of 
the double-layer FPC in which the polyimide resin stands 
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uncovered to the surface of the substrate which supports 
connecting terminals and also in the case of the 
triple-layer FPC in which the adhesive stands uncovered 
thereto. The adhesive force after moisture absorption 
5 is also great . 

POSSIBILITY OF INDUSTRIAL APPLICATION 
As described above, according to the present 
invention, a high bond strength can be achieved and a 
wiring structure having a high connection reliability 
10 can be produced, even in the case of the wiring member 
in which the substrate which supports wiring terminals 
is made of an insulating organic matter such as polyimide 
resin, or glass, or in the case of the wiring member 
having silicon nitride, silicone resin and/or polyimide 
15 resin at its surface. 
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Amendment filed on July 23, 2001 PCT/JP00/0576G 

1 What is Claimed is: 

1 1. A wiring-terminal-connecting adhesive comprising; 

2 a curing agent capable of generating a free radical upon 

3 heating; 

4 a radically polymerizable substance; and 

5 silicone particles having a modulus of elasticity of from 0.1 

6 MPa to 100 MPa at 25°C and an average particle diameter of from 

7 0.1 to 20 |am. 

1 2. The wiring-terminal-connecting adhesive according to claim 

2 1, wherein said silicone particles are contained in an amount of 

3 from 5 parts by weight to 200 parts by weight based on 100 parts by 

4 weight of said radically polymerizable substance. 

1 3. The wiring-terminal-connecting adhesive according to claim 

2 1, which further comprises a film-forming material. 

1 4. The wiring-terminal-connecting adhesive according to claim 

2 3, wherein said film-forming material is a phenoxy resin. 

1 5. The wiring-terminal-connecting adhesive according to claim 

2 3 or 4, wherein said silicone particles are contained in an amount of 

3 from 5 parts by weight to 200 parts by weight based on 100 parts by 
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Amendment filed on July 23, 2001 PCT/JP 00/05 766 

4 weight of the total of said radically polymerizable substance and 

5 said film-forming material. 
1 6. (Cancelled) 

1 7. The wiring-terminal-connecting adhesive according to any 

2 one of claims 1 to 5, which further comprises conductive particles. 

1 8. A wiring-terminal-connecting adhesive film comprising: 

2 a first layer formed of a composition containing a curing 

3 agent capable of generating a free radical upon heating, a radically 

4 polymerizable substance and silicone particles having a modulus of 

5 elasticity of from 0.1 MPa to 100 MPa at 25°C and an average 

6 particle diameter of from 0.1 \xm to 20 jam; and 

7 a second layer formed of a composition containing conductive 

8 particles, a radically polymerizable substance and silicone particles 

9 having a modulus of elasticity of from 0.1 MPa to 100 MPa at 25°C 

10 and an average particle diameter of from 0-1 |im to 20 \im, wherein 

11 the first and second layers being formed in layers. 

19. A method of connecting wiring terminals, comprising 

2 interconnecting connecting terminals electrically with the 

3 wiring-terminal-connecting adhesive according to any one of claims 

4 1 to 5, 7 and 8, wherein at least two wiring members have the 
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Amendment filed on July 23, 2001 PCT/JP00/O57G6 
5 connecting terminal individually. 

1 10. The method of connecting wiring terminals according to claim 

2 9, wherein at least one of said connecting terminals has 

3 a surface which is formed of at least one selected from gold, 

4 silver, tin, a platinum group metal and indium-tin oxide. 



1 11. The method of connecting wiring terminals according to claim 

2 9 or 10, wherein at least one of said wiring members has 

3 a substrate comprising at least one of an insulating organic 

4 material and glass. 

1 12. The method of connecting wiring terminals according to any 

2 one of claims 9 to 11, wherein at least one of said wiring members 

3 has 

4 at least one selected from silicon nitride, silicone resin and 

5 polyimide resin, at its surface. 



1 13. A wiring structure comprising at least two wiring members 

2 which have a connecting terminal individually, wherein 

3 the connecting terminals of said wiring members are 

4 electrically interconnected with the wiring-terminal-connecting 

5 adhesive according to any one of claims 1 to 5, 7 and 8. 
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ABSTRACT 

This invention provides a 
wiring- terminal-connect ing adhesive comprising a curing 
agent capable of generating a free radical upon heating/ 
a radically polymer i z ab 1 e substance and silicone 
particles, and a wiring-terminal-connecting method and 
a wiring structure which make use of such an adhesive. 
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%L<D&ffi^ sa#*S. ffl»B:TIB«>««)ft*«)«»2:|B*ES My residence, post office address and citizenship are 
tbf^M. 0 ~C"!~o as stated next to my name. 



TfB<0*Wa>3BBIK:B3 L-rra#«6Hl-ffi*i£*K *Sfff tti I believe I am the original, first and sole inventor (if 
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ADHESIVE, METHOD OF CONNECTING WIRING 
TERMINALS AND WIRING STRUCTURE 
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the specification of which is attached hereto unless the 
following box is checked: 

Kl was filed on August 25. 2000 

as United States Application Number or PCT 
International Application Number 
PCT/JPOO/05766 and was amended on 
February 25. 2002 (if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims, as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which 
is material to patentability as defined in Title 37, Code 
of Federal Regulations, § 1.56. 
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I hereby claim foreign priority under Title 35, United States 
Code, § 119(a)-(d) or § 365 (b) of any foreign application(s) 
for patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one 
country other than the United States, listed below and have 
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application for patent or inventor's certificate, or PCT 
International application having a filing date before that of the 
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(Application No.) (Filing Date) 
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I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application^), or § 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner 
provided by the first paragraph of Title 35, United States 
Code, § 112, I acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code 
of Federal Regulations, § 1.56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of this application. 



(Application No.) 
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(Filing Date) 



(Status)(patented, pending, abandoned) 



(Application No. ) (Filing Date) 
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(Status )(patented, pending, abandoned) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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